Abstract-Rodent urine is known to fluoresce. This research aims to use spectral imaging data to detect rodent activity via chromophores. We introduce unsupervised learning techniques for classification and clustering of rodent urine samples from the spectral data directly. We classify and compare the rodent urine against additional chemical compounds such as human urine and coffee to validate our analysis and models. In order to facilitate the visualisation of the chemical compound's spectral data, we use manifold techniques for spectral clustering visualisation.
I. INTRODUCTION
Rodent species cause considerable adverse impacts in urban conurbations. Current control strategies of such species can be complicated and lengthy [1] . Due to its negative effect in the environment, second generation anticoagulant rodenticides are being restricted of use around the world. Besides that they require a large amount of time to implement which causes risk of infestation. The economic impact of pest infestation across 1000 companies in 5 developed countries decreased revenues by 11.8B and increased operating costs by 5.8B [2] .
In this paper, we present a methodology for detecting rodent activity in scenarios resembling urban environments. We propose a classification methodology that uses rodent spectral data, so that interventions may be targeted in a timely, targeted and cost-effective manner. This is achieved by using unsupervised learning techniques [3] to identify chromophores in rodent's urine spectral data.
II. BACKGROUND
Chemical compounds contained within urine in living organisms as rodents have information about the internal state of the organism in question [4] , which consist mainly of 95% water. Tryptophan metabolites substances in urine are responsible to fluorescence. The level of concentration of such substrates is due to the diet, the age and pathological background of the organism.
Changes in pH and ionic strength have had relatively no effect on tryptophan metabolites. These metabolites have a peak spectral response in rodent urine [5] , we argue that these metabolites are robust enough to provide a spectral response to identifying rodent trails from its urine spectral data.
Machine learning techniques [6] such as K-means [3] have not been well studied in the literature to classify rodent urine samples, using its spectra data. Normally, traditional statistical analysis are used [5] for spectral analysis. In this study, we focus on unsupervised learning techniques as a novel rodent identification method based solely on its urine spectral response. The unsupervised techniques presented here projects the hyperspectral response in a lower dimensional space to facilitate clustering of the urine data, and consequently allow rodent identification.
We show an experimental comparison between rodent urine and similar chemical substrates as human urine and coffee in order to test the robustness of the proposed methodology to classify rodent urine. We decided to measure the chemical compound's spectral response by a low-cost silicon-based detector in reflectance mode. Since silicon photodiodes are capable of generating a photocurrent from incident light at wavelengths between 300 to 1100 nm [7] , such wavelength is within the tryptophan metabolites spectral response.
III. METHODOLOGY
We use reflectance measurements [8] to obtain spectral data from the considered chemical compounds. Reflectance measurements require illumination at the wavelength of interest often using a broadband light source such as a tungsten filament light bulb, which is used in our experiments. The illumination intensity was controlled using an optical fibre probe with an illumination fibre bundle and return fibre fed back into the spectrometer.
We report our classification performance results with parameters that express the effectiveness of the clustering model to classify the chemical compounds spectral data, including inertia, homogeneity, completeness, v-measure, Rand index adjusted for chance (ARI), adjusted mutual information between two clusters (AMI) and the silhouette coefficient [9] . We consider the V-measure [10] as the metric that summarises the performance of the model, it combines the homogeneity and completeness measures of the clustering model.
IV. EXPERIMENTAL SETTINGS

1) Equipment and spectral range:
The USB4000-UV-Vis spectrometer was used for the experiments performed, this 2) Tiles and substrates: Two types of ceramic tiles are considered for the experiments: white and black. They are 8 mm thick and were cut into 4x4 cm squares. Also, a beige carpet and a filter paper substrate were considered for the experiments. These tiles and substrates represent the different type of floor surfaces where the rodent urine can be found in some urban environments. This also tests our methodology in changes of floor type, which intends to make our models more robust to detect rodent urine. The black and white tiles can be observed in Figure 1 with coffee and mouse urine respectively.
3) Protocols: 50L of each experimental sample was dispensed using a 200p pneumatic autopipette onto the substrates to produce a small spot and then gently blow dried with nitrogen in a fume cupboard. The spectra of the substrate were recorded using a fibre optic reflection probe with bespoke spacer maintaining the light terminal and fibre return approximately 1 cm from the surface.
4) Experimental chemical compound samples: a) Mouse urine:
The urine samples considered here are obtained from a wild-derived mouse in a controlled environment. We considered healthy mouse in order to prevent external factors to influence the results obtained in the study.
b) Human urine: The human urine samples were obtained from a healthy male volunteer aged 32 years old. c) Coffee samples: Filtered coffee was also considered for the experiments. This chemical compound combines a complex mix of biological compounds including, carbohydrates proteins and fats and has a similar colour as urine.
The coffee and urine samples are shown in Figure 1 over white and black tiles. The figure shows the challenge of the problem since both chemical compounds look similar to the human eye.
V. RESULTS
A. Experiment 1: unsupervised clustering of mouse urine in four substrates 1) Feature visualization: Manifold learning techniques are used for dimensionality reduction and feature visualisation. In this experiment, 5 samples were considered per chemical compound for a total of 20 samples. In Figure 2a and Figure 2b are shown the t-Distributed Stochastic Neighbour Embedding (t-SNE) and Multidimensional scaling (MDS) [9] representations respectively from the spectral data. From the figures can be observed clustering patterns for the urine according to substrate type, which is presented as red for the filter paper, yellow for the black tile, light blue for white tile and dark blue for beige carpet. The visualisations demonstrate that the clustering t-SNE visualisation shows better class pattern classification, comparing with the MDS technique.
2) K-means clustering: Three initialization algorithms were chosen for the clustering procedure, the k-means++, at random and PCA-based [3] . The k-means++ algorithm delivers the best performance overall with a V-measure of 100%. Clustering performance metrics per algorithm are shown in Table I .
The k-means clustering for the mouse urine can be observed in Figure 2c , the algorithm was initialized with 4 centroids according to the available classes (substrate). The centroids are indicated as white crosses. Each colour in the image represents a class cluster found by the k-means clustering algorithm.
B. Experiment 2: unsupervised clustering of mouse urine, human urine and coffee 1) Feature visualization: In this experiment mouse urine, human urine and coffee spectral data are classified according to its spectral data. Three samples were considered per chemical compound for a total of 9 samples in the dataset for this experiment. A single white tile is considered as a substrate. Manifold learning techniques are used for dimensionality reduction and feature visualisation. As in experiment 1, The t-SNE representation delivers the optimal dimensionality reduction technique for feature visualisation since the urine classes are clearly isolated from each other. 2) K-means clustering: Three initialization algorithms were also used for the clustering procedure, the k-means ++, at random and PCA-based. The k-means++ delivers also the best performance overall with a V-measure of 100%. The clustering performance metrics for this experiment are shown in Table I as experiment 2.
C. Experiment 3: unsupervised clustering of mouse urine, human urine and coffee under the effect of Gaussian noise
In order to resemble a real-world environment, Gaussian noise was added to the spectral signals of experiment 2. Nine samples were considered per chemical compound 3 real and 6 with random Gaussian noise, for a total of 27 samples in the dataset for this experiment. The human urine samples without noise and with noise can be observed in Figure 3a and Figure 3b respectively.
The results of the K-means clustering algorithm are shown in Table I for the three initialization algorithms. The V-measure performance is drastically affected in the k-means++ and PCA initialization algorithms, obtaining a score of 70.5% and 46% respectively. However, the random initialization seems to effectively deal with such noise by delivering a V-measure of 100%. This justifies the need to use several clustering algorithms in our experiments.
VI. CONCLUSIONS AND FUTURE WORK
Our experimental work and methodology have presented robust unsupervised clustering and visualisation techniques for rodent urine classification in three experimental setting resembling urban environments, this based solely on its spectral response.
We effectively differentiate between mouse urine against other similar chemical compounds as human urine and coffee in four different type of substrates. Moreover, we also considered the effect of challenging situations such as noise in the spectral signals. Our results provide a robust methodology to detect rodent infestation in urban environments, under noisy conditions.
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